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Abstract: Objectives: The primary aim of this study was to investigate the effect of medical exercise therapy in shoulder 
impingement patients, along with possible correlations between impairment variables. 
Study Design: A prospective unblended randomized clinical trial. 
Methods: Over four months, 61 participants were randomly assigned into a high-graded exercise therapy group (HD) 
(n=31) and into a low-graded exercise therapy group (LD) (n=30). Prognostic variables were similar between the groups 
at baseline. Five (8%) patients dropped out during the treatment period, and another four (6%) dropped out before follow-
up. Pain was a composite score of a visual analogue scale (VAS). Isometric strength was measured during four resisted 
break tests on the shoulder. Function was measured by means of a functional assessment questionnaire (Shoulder Rating 
Questionnaire, SRQ). Both groups trained three times per week for twelve weeks, with tests pre- and posttraining and six 
months follow-up. 
Results: The HD group achieved significantly (p < 0.05) better outcome effects than the LD group for pain, range of 
motion, isometric functional strength and function, but both groups increased function from pretest to posttest. 
Conclusions: In patients with uncomplicated subacromial pain syndrome, medical exercise therapy is an efficient 
treatment alternative, where high-grade doses should be emphasized. A major limitation is that the measurements were 
not undertaken by another person than the treating physiotherapists. 
Keywords: Shoulder, rehabilitation, impingement, physical therapy, dose-response, muscle function. 
INTRODUCTION 
  Tendinitis of the rotator cuff and shoulder impingement 
syndrome are considered to be the most common intrinsic 
causes of shoulder pain and disability [1, 2]. The prevalence 
of shoulder pain among adults under 70 years of age is 7-
27%, whereas this figure is between 13.2-26% among those 
over 70 [3]. A number of systematic reviews on studies 
involving shoulder interventions have found little evidence 
of exercise used in the treatment of shoulder impingement 
syndrome [e.g. 4]. Furthermore, when exercises have been 
used, the studies have been criticized for a lack of detailed 
description of these exercises [5, 6]. 
  Inconsistent findings in the literature as to treatment 
effects of exercise therapy in subacromial pain syndrome 
might be explained by the overall low intervention doses 
used. The hypothesis is that there are benefits to be gained 
by increasing doses of exercise training for patients with 
subacromial pain. The term “medical exercise training” is as 
yet little used in physiotherapy. It consists of a progressively 
graded exercise system developed in Norway in the early   
 
 
*Address correspondence to this author at the Sør-Trøndelag University 
College, Faculty of Health Education and Social Work, Department of 
Physical Therapy, Ranheimsv 10, N-7004 Trondheim, Norway; Tel: +47 73 
55 93 05; Fax: +47 73 55 93 51; E-mail: havard.osteras@hist.no 
1960s [7]. The aim is to normalize function by using specific 
exercises for mobilizing hypomobile areas, and stabilizing 
exercises for the different areas of the body. By using seven 
to nine exercises, most patients perform nearly 1000 
repetitions during each treatment, possibly influencing such 
mechanisms as endurance, coordination, and circulation. The 
grading of the exercises makes it possible to exercise with no 
(or virtually no) pain. 
  The goal of the present study was to assess pain, 
function, muscle strength, and range of motion in patients 
with shoulder impingement syndrome who have participated 
in medical exercise training. 
MATERIALS AND METHODOLOGY 
Subjects 
  Patients between 18 and 60 years of age with unilateral 
primary shoulder impingement syndrome were recruited 
from their primary medical doctors. They were consecutively 
included in the study if they fulfilled the following inclusion 
criteria; positive subacromial impingement sign (standard-
ized procedure so that the interpretation was consistent from 
physician to physician; humerus abducted 90 degrees in the 
scapulae plan, maximal passive inward rotation should give 
subacromial pain) [8], a minimum of three months since the 
onset of shoulder symptoms, no previous shoulder surgery, 
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normal neck (no neurological signs), elbow, and thoracic 
spine function with no referred pain from this area to the 
shoulder, no neurological diseases, no history of shoulder 
dislocation, subluxation, or fracture, no vestibular or visual 
disturbances, no adhesive capsulitis, and no chiropractic or 
physiotherapy treatment within the last six months prior to 
entering the study. Individuals were also excluded if they 
had any cardiovascular, respiratory, systemic, or metabolic 
conditions limiting their ability to participate in the study. 
Patients showing signs of rotator cuff tears (drop arm test) or 
other disorders in the glenohumeral joint during the physical 
examination were then excluded. The included patients were 
randomly assigned to either a high-dose medical exercise 
therapy group (HD) or a low-dose exercise therapy group 
(LD). The randomization procedure was concealed from the 
experimenters and treating physiotherapist. Another 
physiotherapist drew a closed envelope with a number of 
papers corresponding to the number of participants in the 
two groups. Ethical approval was acquired from the Human 
Review Committee (Trondheim, Norway) and all partici-
pants gave their written consent to participate in the study 
after receiving written information about it. Three physio-
therapists at three different locations were involved in the 
study, and the same physiotherapist always dealt with the 
same patients. 
  All the included patients underwent a one-day testing 
procedure before and after the three-month experimental 
period, in addition to a six months follow-up. The tester was 
not blinded to which intervention the patient received. The 
patients were informed about the length of the study, about 
test and treatment procedures, and were told that they could 
withdraw from the study at any time. Baseline data for all the 
included patients is presented in Table 1. 
Measurements 
  The primary outcome was a subjective pain score, which 
was measured with a visual analog scale (VAS) at rest. The 
VAS has been shown to be a reliable tool for measuring pain 
[9]. The pain responses were recorded on a 0-100 mm line 
used for each test. The extreme limits were marked by 
perpendicular lines using the verbal descriptors of “no pain” 
or “worst pain I can imagine”. The patients were not shown 
their previous markings when follow-up measurements were 
taken. 
  The secondary outcome was function, measured using a 
functional assessment questionnaire. The functional outcome 
measures included the self-completed Shoulder Rating 
Questionnaire (SRQ) for which uniform instructions were 
given. The five main components are pain (VAS), pain in 
specific components, activity in daily living, activity level in 
sports and leisure, and work ability. Psychometric properties 
(reliability, validity, and responsiveness to change) of the 
SRQ have been previously reported for patients with 
shoulder pathology [10, 11]. The SRQ was scored using the 
method described by [10], resulting in scores rating from 17-
90, with higher scores indicating better shoulder function 
with less shoulder symptoms. 
  Maximal isometric muscle strength of abduction, flexion, 
and external and internal rotation was measured using a 
digital dynamometer [12]. To measure the patients’ maximal 
isometric strength, they were asked to press their arm against 
the digital dynamometer which was held by a physiothera-
pist. The MicroFET2, a hand-held dynamometer with a high 
inter-rater reliability [13, 14], measures the force between 
0.9-660 N. All tests were performed in a standing position. 
1) Shoulder flexion, with the dynamometer fixed distally at 
the humerus to avoid elbow flexion bias. 2) Shoulder internal 
rotation, with the elbow flexed 90 degrees and the 
dynamometer fixed against the distal forearm. 3) Shoulder 
external rotation, with the elbow flexed 90 degrees and the 
dynamometer fixed against the distal forearm. 4) Abduction 
of the arm with the arm 30 degrees abducted, and with the 
dynamometer resisting further abduction fixed at the distal 
forearm. Every maximal isometric test was performed as a 
“break-test”, as the physical therapist gave sufficient 
resistance during the approximately three-second tests so 
that the patient could not resist the external force. 
Treatment Procedures 
  The principles of progressive resistance exercise therapy 
using medical exercise therapy were applied to both exercise 
groups. Patient history, symptoms, and clinical findings were 
Table 1.  Mean (SD) Baseline Demographic and Clinical Characteristics of Each Group at Inclusion 
 
High-Dosage Exercise Group 
(n = 31) 
Low-Dosage Exercise Group 
(n = 30)  Variables 
Mean SD Mean SD 
Age  (years)  46.1 11.2 41.8 14.5 
Height  (cm)  175.8 7.4 174.1 6.3 
Mass  (kg)  79.8 12.3 79.0 17.5 
Body mass index (kg/m
2)  25.8 3.0 25.9 5.2 
Sex      
   Men (%)  33.1    26.0   
   Women (%)  22.1    18.8   
Number  of  treatments  29.4 8.6 30.9 7.6 
Duration of symptoms (years)  3.6  5.1  3.1  4.3 
Dominant arm involved (%)  48.1    57.3   Dose-Response of Exercise in Shoulder Pain  The Open Orthopaedics Journal, 2010, Volume 4    3 
the basis for choosing starting positions, range of motion, 
and weight resistance for the patient being able to do three 
sets of 30 repetitions. Each exercise was tested using a 
specific clinical test procedure developed in medical exercise 
therapy [15, 16]. Thus, each patient had an individual 
tailored exercise program. The patient exercised within the 
comfortable range of motion with normal humeroscapular 
rhythm, and in the early phase the weight from the pulley 
apparatus was used to unload some of the weight of the arm, 
making it possible to perform the high number of repetitions 
in sets (three sets of 30 repetitions) with good kinetic 
control. As the patient improved, experiencing less pain, the 
range of motion and the weight resistance were increased, 
and the starting position was changed according to the 
progression ladder developed in medical exercise therapy 
[16]. The number of repetitions and sets was kept constant 
for both intervention groups during the treatment period. 
Table 2.  Intervention in the Two Groups, Showing Difference 
in Dosage 
 
High-Dosage Low-Dosage 
15-20 minutes aerobic  
(stationary bike/treadmill)  
5-10 min global aerobic 
4 local exercises  
3 sets of 30 repetitions 
5 local exercises 2 sets of 10 repetitions 
10 minutes aerobic  
(stationary bike/treadmill) 
 
4 local exercises  
3 sets of 30 repetitions 
 
10 minutes aerobic  
(stationary bike/treadmill) 
 
 
  The patients’ history and clinical tests, including muscle 
tests, specific joint tests, and functional tests, were used to 
form the basis for choosing the right grading of the 
exercises, with emphasis on the appropriate weight 
resistance and range of motion. Patients were instructed that 
the exercises might result in muscle fatigue but should not 
increase the shoulder pain significantly. Making the patient 
exercise in the pain free range of motion also made it 
possible to exercise with good coordination, ensuring that 
the humeroscapular rhythm was close to normal. The HD 
group performed 11 exercises, each comprising three sets of 
30 repetitions, three times a week for three months for a total 
of 36 treatments. Prior to the semiglobal and local exercises 
the HD patients warmed up for 15-20 minutes on an 
ergometer cycle. Half way through the exercise program 
(four exercises each of three sets of 30 repetitions) the 
patients cycled for 10 minutes. After the last four exercises, 
the patients spent another 10 minutes on the stationary 
ergometer cycle. The intensity during cycle exercises was 
moderate to high, i.e. a heart-rate frequency of 70-80% of the 
maximal heart rate. Patients in the LD group performed a 
total of six exercises, starting each treatment with five to ten 
minutes on an ergometer cycle, and then performed five 
semiglobal and local exercises using medical exercise 
therapy equipment, performing two sets of 10 repetitions of 
each exercise. The intensity during cycle exercises was 
moderate to high, as in the HD group, i.e. a heart-rate 
frequency of 70-80% of the maximal heart rate. Mean time 
for every treatment was approximately 30 minutes in the LD 
group and approximately 60 minutes in the HD group. All 
patients in both groups were treated over the three-month 
period with three treatments a week. For all patients a 
physiotherapist was present in the exercise room motivating, 
supporting, and observing the exercises according to the 
patients’ clinical presentation and change in function and 
symptoms over the three-month treatment period. Thus, all 
patients received the same amount of attention while they 
were in the exercise room. The variables that were 
continuously observed were range of motion and weight 
resistance, while the number of exercises, repetitions, sets, 
and time spent on performing aerobic work using a 
stationary bike were kept constant in both groups. 
Data Analysis 
  The statistical analysis was performed using the 
commercial software package SPSS for Windows (release 
17). The significance level was set at 5%, with a power of 
90% and an SD of 3.2 points for pain, as presented by 
Conroy and Hayes [17]. To detect 2-point differences on the 
visual pain scale, a minimum of 27 patients was required for 
each group. Estimating a possible loss of 10% of the 
patients, we determined that each group would contain 30 
patients. The age variable was considered and had normal 
distribution. The student’s t-test for independent samples 
was used. The groups were compared for improvements in 
the mean. The Spearman’s correlation test was used to assess 
correlation between variables. 
RESULTS 
  Ninety-one patients were referred to the physical 
therapists from the general practioners, and thirty patients 
were excluded. Sixty-one patients (31 in the HD and 30 in 
the LD groups) were included in the study. Ninety-two 
percent of the patients completed the three-month 
intervention in the study. Five patients were lost to posttest; 
two in the HD group and three in the LD group. In the HD 
group, one patient moved away from the city and was 
therefore unable to keep in touch, and the second HD subject 
withdrew after experiencing a new injury at work that 
interfered with the continuation of the exercise treatment. In 
the LD group one subject was referred by his physician for 
additional outpatient therapy and therefore withdrew from 
the study. Two other patients in the LD interventions were 
not able to return for the posttest for personal reasons. 
Another four patients were lost to follow-up, two in the HD 
group and two in the LD group (Fig. 1). 
  In the HD group both pain and function were 
significantly improved from pre- to posttest (p < 0.05) 
compared to the LD group. The mean values of changes in 
range of motion and isometric force score, at pre- and 
posttraining periods in the HD and LD groups are plotted in 
Table 3 with confidence intervals. From pretest to follow-up 
there were no changes compared to pretest to posttest (Table 
4). 
  In the HD group there were significant correlations (p < 
0.01) from pretest to both posttest and follow-up between the 
following variables: pain and function, pain and external 
rotation, pain and abduction (strength), pain and abduction 
(ROM), function and external rotation, and flexion (strength). 4    The Open Orthopaedics Journal, 2010, Volume 4  Østerås and Torstensen 
 
Fig. (1). Subject flow diagram. 
DISCUSSION 
  Our objective was to investigate the effects of medical 
exercise therapy on patients with shoulder impingement 
syndrome. Our study is the first to use the medical exercise 
therapy method [16] on patients with shoulder impingement 
syndrome. A number of reviews have studied clinical effects 
of various exercise regimens in patients with rotator cuff 
tendinopathy or impingement syndrome [4]; however, the 
interventions are often not described or are low dosage. 
  Some studies of primary (without glenohumeral joint 
instability) shoulder impingement syndrome have used 
exercises [18, 19], but most failed to describe the exercises 
in detail in terms of intensity, duration, frequency, and load. 
In the present study we determined such factors in a shoulder 
girdle strengthening program for the shoulder musculature 
based on medical exercise therapy. But we also included a 
rather high total dose of global circulation exercises; which 
is not reported elsewhere in the literature. Thus, it is difficult 
to compare the results with those from other studies. Our 
results demonstrate that there was a statistically significant 
improvement in pain (assessed using a visual analog scale) 
favoring the HD group over the LD group and also 
demonstrate that medical exercise therapy aiming to activate 
the musculature of the affected shoulder was effective in 
increasing range of motion and strength. To our knowledge, 
the present work is the first to report a strong correlation 
between primary outcome (pain) and impairment (strength 
and ROM). 
 Ginn  et al. [13] reported improvements in function and 
ROM with pain-free abduction and flexion among patients 
with nonspecific shoulder pain, regardless of etiology. 
Individualized treatment was carried out with strengthening, 
stretching, and scapulohumeral rhythm exercises. They 
reported no improvement in pain between the exercise group 
and control group. However, there was an improvement in 
the abduction ROM in the group that underwent exercise 
training. The results from our study revealed an 
improvement in pain, thereby differing from Ginn et al. 
results [13], while corroborating the results of other studies 
[20, 21]. Our study also found improvement in the abduction 
ROM in the group treated with exercise in comparison to the 
control group, which agrees with other studies [13, 21]. This 
demonstrates that such movement is considerably 
compromised in shoulder injuries and can be improved with 
exercise. 
  The development of chronic shoulder pain - here the 
patients had pain for as long as 3.6 and 3.1 years (HD and 
LD, respectively) - may lead to fear avoidance [22]. It is well 
documented that pain-related fear also affects physical 
performance and the overall physical activity level [23]. 
Table  3.  Changes from Baseline to End of Treatment Among 56 Patients with Subacromial Impingement Syndrome, with 
Intention-to-Treat Analysis. Values are Mean (95% Confidence Interval) According to One Analysis of Variance 
 
Change in Score 
Variables 
High-Dosage Exercise Group (n = 29)  Low-Dosage Exercise Group (n = 27) 
p-Value 
Pain (VAS: 0=no pain, 10=max)  -3.8 (-1.4 to -4.6)  -2,0 (-0.1 to -3.2)  0.01 
Function (SRQ: 17=worse, 90=best)  25.7 (19.1 to 32.1)  7,7 (4.5 to 10.9)  0.01 
Satisfaction (2=worse, 10=best)  3.9 (2.1 to 5.7)  2,1 (0.9 to 3.2)  0.03 
Range of Motion (Degrees) 
- Flexion  31 (7 to 40)  7 (-2 to 20)  0.01 
- Abduction  42 (26 to 54)  12 (-2 to19)  0.01 
Isometric Strength (N) 
- Abduction  34 (24 to 44)  17 (9 to 24)  0.03 
- Flexion  33 (20 to 41)  4 (-1 to 10)  0.07 
- Internal rotation  15 (7 to 24)  13 (5 to 17)  0.19 
- External rotation  28 (8 to 38)  9 (-3 to 17)  0.04 Dose-Response of Exercise in Shoulder Pain  The Open Orthopaedics Journal, 2010, Volume 4    5 
Over time, this may have the negative consequence of 
decreasing the daily activity level, possibly resulting in 
functional incapacity. In the present study, it was 
emphasized that the exercises should be performed pain free 
or with as little discomfort as possible. Fearful patients might 
benefit from graded exposure to movements and activities 
that they previously avoided. However, we had no control of 
this factor among the included patients, since no instrument 
was used. We had a difference in the time spent at the 
treatment centre (Table 2) and hereby the level of attention 
and time from the physical therapists was higher in the HD 
group. This is a factor that could have influenced the results. 
We suggest that one possible mechanism behind the 
significant difference in the present study is that the HD 
group performed a considerable amount of global endurance 
exercises, reducing fear avoidance through pain reduction. 
This is a finding that should be examined in further research. 
 Lombardi  et al. [24] investigated the clinical effects of a 
progressive resistance training program in impingement patients 
for the musculature of the shoulder. The program was held 
twice a week for two months, while the control group remained 
on a waiting list. Interestingly, they found no improvement in 
muscle strength among the patients treated, despite the clinical 
improvement. They explain this as possibly being due to the 
short period of intervention. The improvement in function may 
be related to an improvement in the pain [24]. One explanation 
is that when there are limitations in the performance of 
activities, patients with shoulder pain find ways to adapt, which 
may lead to a better result in terms of functional activity. There 
were quite many exclusion criteria in the present study, and the 
intervention - particularly the HD - requires that the patients are 
able to perform quite a lot of training. From a clinical practice 
point of view, it may reduce the number of subject that could 
receive such treatment. However, it might be possible to adjust 
the amount of training to each patient’s ability, increasing the 
total amount of training over many weeks. Treatment like the 
HD program in the present study also requires good 
communication skills from the therapists to motivate the 
patients. 
  We may need a paradigm shift away from the belief that 
strengthening the lower trapezius is the solution, and away 
from the belief that specific exercises for a specific muscle in 
the shoulder can be the answer to the problem. Concurring 
with Battaglia-Mayer et al. [25], we suggest that further 
studies should include a better understanding of the hand-
shoulder-arm function and of the fact that we are dealing 
with an extremity with complex neuromuscular functions 
that serve the hand. It is the function of the hand which is 
essential for normal shoulder function, including the lower 
trapezius and the rotator cuff. The biomedical view of the 
function of the supraspinatus muscle is that it abducts, 
externally rotates, and together with the other rotator cuff 
depresses the glenohumeral joint. According to the World 
Health Organization’s (WHO) International Classification of 
Functioning, Disability and Health (ICF) [26], another 
approach is presented; the task of the supraspinatus is to 
work with the other rotator cuff muscles, the shoulder girdle 
muscles, and the trunk and arm muscles to position the hand 
to perform a functional activity. This view has been applied 
when choosing the eight different semiglobal and local 
exercises performing three sets of 30 repetitions of each 
exercise, along with three global aerobic circulation 
exercises. 
  One limitation in the present study is that the measure-
ments were not undertaken by another person than the 
treating physiotherapists. However, this was a multicenter 
study with four physiotherapists. Nevertheless, as the 
outcome measurements were not obtained by a blinded 
assessor, this is a major limitation in this study, as blinded 
assessment is considered essential for preventing bias and 
assuring internal validity in a clinical trial. Further studies 
should be performed with a blinded tester. Another 
limitation is that there might have been additional rotator 
cuff or labral pathology that was not discovered by the 
clinical examination. An additional radiographic examination 
might have been preferable. Most literature on exercise 
treatment does not document the dose or type of exercises 
used very well, and this may be part of the explanation for 
Table  4.  Change from Baseline to 6 Months After End of Treatment Among 56 Patients with Subacromial Impingement 
Syndrome, with Intention-to-Treat Analysis. Values are Mean (95% Confidence Interval) According to One Analysis of 
Variance 
 
Change in Score 
Variables 
High-Dosage Exercise Group (n = 27)  Low-Dosage Exercise Group (n = 25) 
p-Value 
Pain (VAS: 0=no pain, 10=max)  -4.3 (-3.7 to -5.0)  -1.8 (-0.7 to -2.7)  0.01 
Function (SRQ: 17=worse, 90=best)  29.2 (21.7 to 36.0)  7.3 (0.2 to 19.7)  0.01 
Satisfaction (2=worse, 10=best)  4.2 (3.6 to 4.8)  2.0 (1.6 to 2.9)  0.03 
Range of Motion (Degrees) 
- flexion  34 (25 to 43)  8 (1 to 16)  0.00 
- abduction  49 (33 to 65)  14 (-2 to 24)  0.01 
Isometric Strength (N) 
- abduction  45 (28 to 62)  14 (-5 to 29)  0.02 
- flexion  49 (25 to 65)  28 (2 to 41)  0.07 
- internal rotation  21 (12 to 29)  9 (-1 to 17)  0.13 
- external rotation  36 (11 to 49)  3 (-10 to 21)  0.00 
VAS; visual analogue scale, SRQ; shoulder rating questionnaire. 6    The Open Orthopaedics Journal, 2010, Volume 4  Østerås and Torstensen 
the contradictory effects. Further, in all muscle strength tests, 
there was some pain in some of the patients. This is 
important for the interpretation, since if pain was present, 
then it was not the level of strength that was measured, rather 
pain tolerance. When evaluating efficacy of treatments, it is 
important to consider the patients’ expectations since it 
might influence the results. However, the patients in the 
present study the patients did not have any treatment 
preference. 
  There is a great need for further research in the field of 
dose-response in therapeutic rehabilitation. Emphasis should 
be on clinical trials comparing difference rehabilitation 
protocols. Further trials should be adequately powered and 
undertake address blinding of outcome assessors. In spite of 
the mentioned methodological limitations, we claim that the 
present study has a certain amount of generalizability. 
However, the most important finding may be that the results 
shed some light on the issue of dose-response effects in 
treatment of shoulder impingement. 
CONCLUSION 
  The purpose of this randomized controlled clinical trial 
was to compare two different exercise regimes in non-
operated patients with subacromial pain syndrome. In 
conclusion we found a dose-response effect of medical 
exercise therapy for twelve weeks in non-operated patients 
with longstanding subacromial pain syndrome as compared 
to low-dose training. The health professions should be aware 
that there is a dose-response effect using medical exercise 
therapy treating patients with longstanding subacromial pain. 
These results clearly show that pain reduction gives an effect 
on such impairment variables as strength and ROM. Further 
studies on the use of this high-dose regimen could be 
undertaken in comparison with surgery. 
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